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1 Introduction

In Rel-12 3GPP have approved a new Work Item in RAN2 for Low Complexity MTC with and without enhanced coverage mode [1]. 

The main aim of the study is to specify a new UE for MTC operation in LTE that also allows for enhanced coverage with reduced cost. The reduction of cost comes about by limiting the capability of the MTC UE (e.g. 1RX Antenna, limit the TBS size for uplink and downlink to 1000bits, PDSCH transmission is limited to 1.4MHz bandwidth). If the UE is in coverage enhanced mode, the uplink and downlink physical channels have to be enhanced to allow the tranmissions/receptions to be successful.
In this contribution, it is discussed whether the existing capability signalling is sufficient for low complexity MTC UE which may or may not be capable of coverage enhanced mode. 

2 Discussion
In order to support such UEs described in Section 1, the eNB needs to know a priori whether a UE supports low complexity capability and/or operating in coverage enhanced mode if it support coverage enhanced capability. A UE capable of operating in coverage enhanced mode can still operate as a normal UE when it is not in area which requires the UE to operate in coverage enhanced mode.  So unlike normal UE capability, this indication is about UEs current operating mode and not a static UE capability parameter.  In existing system, the UE capability is conveyed either from the UE via RRC UE capability signalling or from the MME via the S1 UE context information after the RRC Connection is established. Prior to the reception of this information, the eNB and the UE will assume default configuration and that the UE is of UE Category 1. Also it is assumed that all UEs are mandated to support the basic idle mode functionalities like paging.
For low complexity MTC UE, the main feature is that there is a limit on the TBS size to 1000bits and PDSCH transmission bandwith of 1.4MHz. To establish the RRC Connection, random access procedure needs to be performed. Because of the TBS size limitation and PDSCH transmission bandwidth, the size of the RAR needs to be restricted by the eNB. Furthermore, the UL grant in the RAR and the Message 4 (i.e. RRC Connection Setup message) is also limited by the TBS size constraint. Hence the eNB may need to know that a UE establishing a RRC Connection is a low complexity UE. Likewise for a UE operating in coverage enhanced mode, the eNB needs to know the UE performing the random access procedure is operating in coverage enhanced mode in order to perform accumulation of energy of the preamble transmissions. 
In both cases, the straightfoward solution is to reserve a range of preamble signatures and/or using time-frequency resources to indicate whether a UE is low complexity only, operating in coverage enhanced mode only or both low complexity and operating in coverage enhanced mode.
Proposal#1: Reserve a range of preamble signatures and/or using time-frequency resources to indicate whether a UE is low complexity only, coverage enhanced only or both low complexity and coverage enhanced.

If Proposal#1 is agreed, the eNB knows whether the UE is a low complexity after RRC Connection. Then for low complexity, there is a need to decide whether the UE needs to again indicate low complexity capability in the UE capability container in the UE capability signalling. Since low complexity capability is needed also after handover, it is essential to indicate such capability also in the UE capability container so that the existing UE capability mechanism can be used during handover preparation. 
Proposal#2: Include the low complexity capability in the UE capability signalling message.
However, this UE low complexity capability is not just for connected mode handling only but also for idle mode handling such as for the eNB to page the low complexity UE. If low complexity UE is with TBS size and PDSCH bandwidth constraints, eNB needs to ensure that the paging message to LC MTC UE sent is within the TBS size limitation. The worst case size of a paging message = 1600 (if all the 16 Paging records are IMSI and all the IMSIs are 21 octets).
Observation: Low complexity capability is needed to be known to the eNB also for idle mode paging of idle mode UE.
In the existing system, the UE capability is stored transparently in the MME. If low complexity capability is included in the existing UE capability signalling, the low complexity capability will also be stored in the UE capability container and provided to the eNB when the UE is in connected mode. Since this capability is also needed to be used for idle paging, it has to be provided to eNB when the UE to be paged is in idle mode. Hence whenever the MME is paging an idle mode low complexity MTC UE, it also need to provide the UE capability container to the eNB when paging an idle mode UE. Sending the whole container seems quite unnecessary since only the low complexity capability is needed to be provided during paging. The low complexity capability support should be in a different container or signalling.
Proposal#3: MME provides only the low complexity capability support indication to eNB when paging an idle mode UE.

Likewise for the information that UE is operating in coverage enhanced mode, if handover is supported for such UE, target eNB needs to be made aware of the information.

Proposal#4: Include whether the UE is operating in coverage enhanced mode in a RRC signalling (e.g. UE assistance signalling) 

If different handling is also needed for idle mode paging of coverage enhanced UE, Proposal#3 is also applicable to coverage enhanced UE. In order for the MME to know whether UE is operating in coverage enhanced mode, there are the following 2 approaches:

Option 1: The eNB forward the information whether the UE is operating in coverage enhanced mode to the MME, similar to the UE capability

Option 2:  The UE provides the information whether the UE is operating in coverage enhanced mode to the MME in the NAS signalling (e.g. TAU, Attach) 
Both approaches can be made to work. However, we have a slight preference on Option 1.

Proposal#5:  (Option 1)The eNB forward the information whether the UE is operating in coverage enhanced mode to the MME, similar to the UE capability.
Proposal#6: MME indicates to the whether the UE is operating in enhanced coverage mode to the eNB when paging an idle mode UE. 
It is explained in the LS [2] that enhanced coverage UE “is assumed by RAN1 to be close to stationary, however mobility and external factors (including someone moving the device) may influence channel conditions and cell camping”. There is a possibility that it maybe in coverage enhanced mode in one instant but out of coverage enhanced mode in another instant. Whenever the UE detects that the coverage enhanced mode changes, it has to inform the MME about the change using Option 1 (if agreed). 
Proposal#7: UE needs to inform MME when the mode on coverage enhanced changes. 
3 Conclusion

In this contribution we discuss the capability signalling for low complexity MTC UE with and without enhanced coverage mode.  We propose:
Proposal#1: Reserve a range of preamble signatures and/or using time-frequency resources to indicate whether a UE is low complexity only, coverage enhanced only or both low complexity and coverage enhanced.

Proposal#2: Include the low complexity capability in the UE capability signalling message.

Proposal#3: MME provides only the low complexity capability support indication to eNB when paging an idle mode UE.

Proposal#4: Include whether the UE is operating in coverage enhanced mode in a RRC signalling (e.g. UE assistance signalling) 

Proposal#5:  (Option 1)The eNB forward the information whether the UE is operating in coverage enhanced mode to the MME, similar to the UE capability.
Proposal#6: MME indicates to the whether the UE is operating in enhanced coverage mode to the eNB when paging an idle mode UE. 

Proposal#7: UE needs to inform MME when the mode on coverage enhanced changes. 
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